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(54) CIRCUIT BREAKING APPARATUS

(57) A circuit breaking apparatus (100) comprises a
circuit breaker (110), a motor drive system (120), and a
controller (150). The circuit breaker (110) is electrically
connectable to a power line (115). The motor drive sys-
tem (120) is mechanically coupled to the circuit breaker
(110) and configured to operate the circuit breaker (110)
such as to perform a movement including at least an
opening movement from a closed position to an open
position, thereby electrically interrupting the power line
(115). The controller (150) includes a model (155) of at

least one of the motor drive system (120) and the circuit
breaker (110).

The controller (150) is configured to receive refer-
ence travel curve information (200) of the movement;
generate actuator information (210) from the reference
travel curve information (200) based on the model (155);
and output the actuator information (210) to the motor
drive system (120) to control a travel curve via mod-
el-based control.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a circuit break-
ing apparatus. It relates particularly to a circuit breaking
apparatus including a motor drive to control a circuit
breaker for a generator of a power plant, such as a circuit
breaker rated for a nominal current typically flowing in
the field of power plant generators, such as a nominal
current of 63kA or more.

BACKGROUND

[0002] A circuit breaker configured for use with a gen-
erator in a power plant is designed to switch, i.e. interrupt
or connect, large currents in the range of several tens to
several hundreds of kiloamperes flowing in a power line.
Some circuit breaking apparatuses include a circuit
breaker of such kind, and a motor drive system config-
ured to operate the circuit breaker.
[0003] A part of the motor drive system is mechanically
linked, or coupled, to the circuit breaker and configured
to operate the circuit breaker. Typically, operating in-
cludes performing at least one of an opening movement
and a closing movement of the circuit breaker. In an open-
ing movement, for example, relevant parts of the circuit
breaker are moved from a closed position to an open
position, thereby electrically interrupting the power line.
[0004] In such an opening movement, it is desirable to
control the movement characteristics of the circuit break-
er via control of the motor drive system.
[0005] In certain configurations, it may also be conven-
ient to control a travel curve in a closing movement of
the circuit breaker.

SUMMARY OF THE INVENTION

[0006] According to an aspect, a circuit breaking ap-
paratus having the features of claim 1 is provided.
[0007] In embodiments, a circuit breaking apparatus
comprises a circuit breaker, a motor drive system, and a
controller.
[0008] The circuit breaker is electrically connectable
to a power line. For example, the circuit breaker has an
input terminal and an output terminal, and the circuit
breaker is connectable in between the power line. The
power line is a line for the transport of electrical power.
For example, the power line may be an output line on the
primary or secondary side of a transformer, or it may be
an output line of an electrical generator, such as a power
plant generator.
[0009] The motor drive system is mechanically cou-
pled to the circuit breaker. As used herein, mechanically
coupled may include an actuating member that is inter-
posed between a motor of the motor drive system and a
handling element of the circuit breaker. For example, the
actuating member is a linkage mechanism whose input

side is mechanically connected to an output side of the
motor and whose output side is mechanically connected
to a circuit breaker chamber of the circuit breaker.
[0010] The motor drive system is configured to operate
the circuit breaker. Operating the circuit breaker may in-
clude, for example, that a movement is performed on an
element of the circuit breaker, such as the handling ele-
ment. The movement is typically performed via the actu-
ating member connected to the motor drive, such as the
linkage. The movement includes at least an opening
movement of the circuit breaker to make the circuit break-
er, when it is in a closed position, to assume an open
position. By the opening movement, the power line is
electrically interrupted. For example, in the open position,
a first end of the power line connected to the input termi-
nal, and a second end of the power line connected to the
output terminal, are electrically separated from each oth-
er.
[0011] The controller includes a model of at least one
of the circuit breaker and the motor drive system. Typi-
cally, the controller includes a model of both the motor
drive system and the circuit breaker. For example, the
model describes a coupling between the motor and the
linkage, such as a motor torque acting on the linkage,
and a coupling between the linkage and the circuit break-
er, such as a reaction force received by the linkage when
operating the handling element of the circuit breaker.
[0012] The controller is configured to receive reference
travel curve information of the movement. The controller
is further configured to generate actuator information
from the reference travel curve information based on the
model; and to output the actuator information to the motor
drive system to control a travel curve via model-based
control.
[0013] Typically, the reference travel curve information
includes at least information of the opening movement.
In this example, the controller is configured to receive
reference travel curve information of the opening move-
ment; to generate actuator information from the reference
travel curve information based on the model for the open-
ing movement; and to output the actuator information to
the motor drive system to control a circuit breaker open-
ing travel curve via model-based control. In embodi-
ments, the reference travel curve information includes
reference on trajectory and speed.
[0014] In embodiments, the movement further includes
a closing movement of the circuit breaker to make the
circuit breaker, when it is in an open position, to assume
a closed position. By the closing movement, the power
line is electrically connected. For example, in the closed
position, the first end of the power line connected to the
input terminal, and the second end of the power line con-
nected to the output terminal, are electrically connected
to each other. In such embodiments, for example, the
controller is further configured to receive reference travel
curve information of the closing movement; to generate
actuator information from the reference travel curve in-
formation based on the model for the closing movement;
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and to output the actuator information to the motor drive
system to control a circuit breaker closing travel curve
via model-based control.
[0015] As used herein, model-based control may com-
prise performing model predictive control, such as, but
not limited to, dynamic matrix control, model algorithmic
control, linear quadratic Gaussian control, and/or gener-
alized predictive control.
[0016] Throughout the present application, the circuit
breaking apparatus is not limited to a single-phase con-
figuration. For example, the circuit breaker of the circuit
breaking apparatus may be electrically connectable to a
multi-phase power line, such as a three-phase power
line.
[0017] As used herein, the reference travel curve may
comprise information on a circuit breaker position and/or
a movement speed in the course of time. In embodi-
ments, the reference travel curve comprises a time-de-
pendent progression of a reference position of a part of
the motor drive system or the circuit breaker. Typically,
the reference travel curve comprises a time-dependent
progression of a reference position of the circuit breaker
position, e.g. a desired position, at any point in time be-
tween the open and the closed state and/or between the
closed state and the open state, of the handling element
of the circuit breaker or the circuit breaker contacts. It is
noted that this reference position may include interme-
diary positions, i.e. position in which the circuit breaker
is not (yet) entirely open or closed. respectively. Addi-
tionally or alternatively, typically, the reference travel
curve comprises a time-dependent progression of a ref-
erence speed of the circuit breaker position, e.g. a de-
sired speed, at any point in time between the open and
the closed state and/or between the closed state and the
open state, of the handling element of the circuit breaker
or the circuit breaker contacts.
[0018] In embodiments, the motor drive system com-
prises a motor coupled to a linkage. The linkage is con-
figured to transform a rotary motion of the motor into a
substantially linear motion and output the linear motion
to the circuit breaker. In this connection, the model com-
prises information on a motor torque between the motor
and the linkage, and information on a reaction force be-
tween the linkage and the circuit breaker.
[0019] Optionally, the model may additionally com-
prise information on pressure and/or friction dynamics.
The pressure dynamics mimic the friction occurring in
the system, e.g. the friction between the motor and the
linkage, the friction between the linkage and the circuit
breaker, or both. The pressure dynamics mimic the gas
pressure in the system, e.g. the gas pressure in a circuit
breaker chamber. The pressure dynamics result in forces
that ultimately act on the linkage that is connected to the
chamber.
[0020] In embodiments, the model-based control com-
prises using an optimized control strategy that is math-
ematically optimized for at least one optimization objec-
tive in an optimization problem. The optimization objec-

tive may be one or more selected from a group consisting
of a position described by the reference travel curve in-
formation, and a speed described by the reference travel
curve information. Typically, the position is a reference
position of the circuit breaker position, e.g. a desired po-
sition, at any point in time between the open and the
closed state and/or between the closed state and the
open state, of the handling element of the circuit breaker
or the circuit breaker contacts. Typically, the speed is a
reference speed of the circuit breaker position, e.g. a
desired speed, at any point in time between the open and
the closed state and/or between the closed state and the
open state, of the handling element of the circuit breaker
or the circuit breaker contacts.
[0021] In embodiments, the controller has access to a
set of pre-calculated control parameters that describe
the optimized control strategy. The controller is further
configured to perform the model-based control using the
pre-calculated control parameters. Typically, the control-
ler is configured to perform the model-based control via
a fast feed forward control and a robust feedback control
using the pre-calculated control parameters.
[0022] Alternatively or additionally, in embodiments,
the controller is further configured to compute control pa-
rameters that describe the optimized control strategy,
and to perform the model-based control using the com-
puted control parameters. Typically, the controller is fur-
ther configured to update the control parameters using
the computed control parameters. Typically, the control-
ler is further configured to perform the model-based con-
trol as a model predictive control.
[0023] In embodiments, the optimization problem com-
prises a cost function and at least one constraint equa-
tion. The cost function includes the optimization objec-
tive. The at least one constraint equation describes a
threshold for a varying magnitude of the circuit breaking
apparatus. The varying magnitude varies in the course
of the movement. In this connection, the threshold for the
varying magnitude may include one or more of the fol-
lowing: A separation speed of the circuit breaker contacts
when the movement is an opening movement; an ap-
proaching speed of the circuit breaker contacts when the
movement is a closing movement; a temperature within
the circuit breaker chamber; a motor torque; a linkage
force.
[0024] In embodiments, the controller is further config-
ured to receive operational data that relate to model pa-
rameters of the model, and to update the model param-
eters of the model using the received operational data.
Operational data may include a behavior of the circuit
breaking apparatus such as a degraded behavior due to
aging of the apparatus components. As the circuit break-
ing apparatus and/or parts thereof age during the lifecy-
cle, the operational data may be used to update, or adapt,
the model to a present state of the apparatus.
[0025] In embodiments, the circuit breaker is a gener-
ator circuit breaker for a generator of a power plant. Typ-
ically, the generator circuit breaker is rated for a nominal
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current of 63 kiloamperes or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Embodiments of the present disclosure will be
described with reference to the drawings in which:

Fig. 1 is a block diagram showing an overview of a
configuration of a circuit breaking apparatus ac-
cording to an embodiment;

Fig. 2 is a block-base flowchart of details of a control
performed by a controller of the circuit breaking
apparatus of Fig. 1; and

Fig. 3 is an example of a travel curve used in a model-
based control performed by the controller.

DETAILED DESCRIPTION

[0027] The following is a general overview on the
present technology and a description of embodiments of
the present disclosure that will be described with refer-
ence to the drawings.
[0028] Fig. 1 is a block diagram for illustrating a con-
figuration of a circuit breaking apparatus 100. In Fig. 1,
a motor drive system 120 is mechanically coupled to a
circuit breaker 110. The circuit breaker 110 has terminals
(not shown) connected in between a power line 115 (a
high voltage line), and configured to selectively interrupt
and/or close an electrical connection in the power line
115. To perform such an action, the motor drive system
120 operates the circuit breaker 110 between an open
position and a closed position and/or between the closed
position and the open position.
[0029] The motor drive system 120 includes a motor
130 and a linkage 140. The motor 130 is configured to
apply a motor torque Torquemot to the linkage 140. The
linkage 140 is configured to translate a rotary motion re-
ceived from the motor 130 on an input side thereof into
a substantially linear motion, and to output the substan-
tially linear motion on an output side thereof. The linkage
140 is coupled to the circuit breaker 110 and transfers
the forces or torques from the motor to the circuit breaker
110. The circuit breaker 110 typically includes a circuit
breaker chamber in which electrical circuit breaker con-
tacts are arranged that perform the actual interrupting
and/or closing option of the electrical connection. Typi-
cally, a handling element (not shown) is provided on the
circuit breaker 110 for establishing the mechanical inter-
connection between the circuit breaker contacts and the
linkage 140. An entity of motor 130, linkage 140, and
breaker chamber 110 may be called a mechanical entity
160 in the following.
[0030] A controller 150 is provided for controlling the
movement, or motion, of the motor 130. In the example
shown in Fig. 1, the controller outputs a required torque
Torquereq to the motor 130. In Fig. 1, the controller 150

is a closed-loop controller. A signal representing a motor
speed of the motor 130 and a motor position of the motor
130 is fed back to the controller 150.
[0031] It is desired that the motor drive system 120
controls a movement of the circuit breaker 110, or indi-
rectly a movement of the contacts of the circuit breaker,
to follow a reference travel curve. In conventional sys-
tems without a motor drive, there was no possibility to
control the movement of the circuit breaker during an
opening movement or a closing movement of the circuit
breaker contacts.
[0032] When the motor drive system 120 was intro-
duced, it became possible to control further degrees of
freedom, e.g. for increasing the robustness, lifetime,
state of health, etc., of a circuit breaking apparatus. Con-
ventionally, a travel curve configuration of the motor drive
system 120 involves a control-systems based approach.
Namely, in conventional configurations, the travel curve
configuration of the motor drive system 120 is split into
a plurality of consecutive stages. A tracked reference
curve is configured individually for each of the consecu-
tive stages. Furthermore, transitioning criteria for transi-
tioning from one stage to the next stage in the plurality
of consecutive stages are defined from a control systems
perspective. The controller itself comprises 3 individual
and cascaded PI controllers. A first one of the PI control-
lers controls the circuit breaker contact position. A sec-
ond one of the PI controllers controls the speed of the
movement of the circuit breaker contacts. A third one of
the PI controllers controls the torque applied by the motor
to the linkage system. The transitioning is typically de-
fined by target thresholds, e.g. speed thresholds, position
thresholds, or time thresholds.
[0033] In the conventional approach, the PI controllers,
and the target thresholds for the transitioning, have to be
defined for a circuit breaking apparatus, which is not in-
tuitive for a circuit breaker engineer; thus, a system de-
signer having thorough knowledge of control systems is
required. Furthermore, the travel curve configuration is
limited to a predefined number of stages, typically 6 stag-
es, with fixed control parameters assigned to each of the
stages. A direct travel curve optimization is not possible
in the conventional technology.
[0034] Fig. 2 is a block-base flowchart of details of a
control performed by a controller of the circuit breaking
apparatus of Fig. 1. Fig. 3 is an example of a travel curve
used in a model-based control performed by the control-
ler. The following makes common reference to Figs. 1-3.
[0035] In the technology according to the present dis-
closure, the controller 150 includes a model 155. The
model 155, or a mathematical description thereof, depicts
relevant physical phenomena having an influence on the
control of the movement in connection with the circuit
breaker. The controller 150 receives reference travel
curve information 200 of the movement. An example of
a travel curve of which appropriate reference travel curve
information 200 are derivable is depicted in Fig. 3, to be
described later. The controller 150 generates actuator
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information 210 from the reference travel curve informa-
tion 200. For generating the actuator information 210,
the controller uses the model 155; i.e., the actuator in-
formation 210 are based on the model 155. The controller
150 outputs the actuator information 210 to the motor
drive system 120 in order to control a travel curve of the
movement of the circuit breaker 110, or parts thereof.
The controlling is done via model-based control.
[0036] Model-based control is a control approach that
is generally known to the skilled person. For example,
the paper by Barrera-Cardenas R, Molinas M, "Optimal
LQG Controller for Variable Speed Wind Turbine Based
on Genetic Algorithms", Energy Procedia 20 (2012),
207-216, shows a model-based control approach in the
context of wind turbines. As another example, the paper
by Ding Y, Xu Z, Zhao J, Shao Z, "Fast Model Predictive
Control Combining Offline Method and Online Optimiza-
tion with K-D Tree", accessible via Document Online
Identifier at http://dx.doi.org/10.1155/2015/982041, de-
scribes a use case of Model Predictive Control, that is a
model-based control approach, under the specific aspect
of computational power.
[0037] The model-based control approach addresses
the fact that, for example, the torque applied from the
motor 130 to the linkage 140 does not always translate
to the same torque or force on the output side of the
linkage, e.g., in an opening movement, due to variations
of the current flowing through the circuit breaker contacts,
and a resulting variation of the force needed to separate
the contacts. Moreover, friction and pressure are not al-
ways the same across multiple operations, i.e. the pres-
sure buildup differs, and the system inertia is not linear.
The model-based control is able to still maintain, to an
appropriate degree, a reference travel curve, as it has
"knowledge" on the system dynamics.
[0038] Model-based control, such as Model Predictive
Control (MPC), may comprise a control employing an
approach known as Dynamic Matrix Control (DMC), Mod-
el Algorithmic Control (MAC), Generalized Predictive
Control (GPC), but is not limited thereto.
[0039] In the model-based control for the present cir-
cuit breaking apparatus, a model of the system e.g. con-
sisting of the motor drive and the circuit breaker is cre-
ated. One or more optimization objectives, such as the
travel curve, are described as mathematical conditions.
The solution of the one or more optimization objectives
is the control strategy for the motor drive system 120,
controlled by the controller 150 having the model 155.
[0040] According to an aspect, the model is a system
model that is linearized, and a state space model is in-
corporated into equality constraints having a form of
(x(k+1) = A·x(k) + B·u(k)), with x being the state vector,
u being the input vector, A being the state matrix, B being
the input matrix, and k being the index variable. With a
linearized system model as the model, a linear model-
based control is performed; typically, the linear model-
based control comprises a linear Model Predictive Con-
trol, MPC. The linear system model may be a constant

linear model or a time-varying linear system model. A
time-varying linear system model is typically adapted,
during the operation of the apparatus, to system proper-
ties that may change over time, such as mechanical wear
of the system components.
[0041] According to another aspect, the model is a non-
linear system model. For example, the circuit breaker
system dynamics and expected additional inertias, and
possibly, additionally those of the motor drive or parts
thereof, such as friction and pressure development are
taken into account for equality constraints having a form
of (x(k+1) = f(x(k), u(k))), with x being the state vector, u
being the input vector, and f being a function containing
the nonlinear representation of the circuit breaker, pos-
sibly including the motor drive or parts thereof, as a non-
linear circuit breaker model. The function ƒ uses an in-
tegration method to predict the future system states over
a prediction horizon. Typically, the prediction horizon is
a receding prediction horizon, or receding finite prediction
horizon. By way of example, the integration method com-
prises one of 1st order Euler method, or Runge-Kutta
method.
[0042] According to another aspect, the model 155 is
none of a classical control systems model such as a state
space model, a transfer function model, or the like. Rath-
er, the model 155 may be a model having less demands
on mathematical accuracy than a state space model or
a transfer function model; in this case, the model 155
may be updateable, or adaptive, e.g. by model parameter
feedback.
[0043] The model-based control is typically based on
a set of algorithms that, in turn, are based on the model
155. Typically, in model-based control such as MPC, the
control moves issued by the controller 150 to the motor
drive system 120 are implemented in a receding, finite-
horizon manner. A cost function is optimized such that
future control moves are determined, wherein the cost
function involves the future behavior of the system. For
example, the cost function may be such that a variance
is minimized when by the future output of the controller
150 to the motor drive system 120, the reference travel
curve is position-tracked and/or speed-tracked.
[0044] Typically, the cost function punishes one or
more of: A position error and a speed error of the desired
movement, to provide a follow reference; a motor actu-
ation, to have the motor get to stillstand/stoppage; and
a motor torque deviation, to avoid motor damage and/or
to minimize wear of the motor. Typically, the cost function
is a convex cost function taking into account constraints
such as a limited motor torque and/or a limited motor
speed, etc.
[0045] The optimization problem, or optimization ob-
jective, may be one or more of a position described by
the reference travel curve information 200 and a speed
described by the reference travel curve information 200.
The optimization problem may be solved online or offline.
When solved online, the controller 150 is configured to
compute control parameters describing the optimized
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control strategy, and to perform the model-based control
using the computed control parameters. When solved
offline, the controller has access to a set of pre-calculated
control parameters that describe the optimized control
strategy, and the controller is configured to perform the
model-based control using the pre-calculated control pa-
rameters. Also, a hybrid approach is conceivable, where
the controller computes a limited set of control parame-
ters for certain selected quantities while using pre-calcu-
lated control parameters for other quantities.
[0046] In the block diagram of Fig. 2, the model 155,
exemplified as a generator circuit breaker (GCB) model,
receives model update parameters from a GCB model
refresh block 170. The GCB model may be simplified
such that the controller 150 can computationally cope
with the controlling action. The model 155 may be input
into a reference travel curve optimization block, or directly
into the controller 150.
[0047] As shown in Fig. 2, the controller 150 may be
configured to choose an appropriate control strategy. Al-
ternatively, the controller 150 may be fixed to one control
strategy. The control strategies comprise at least one of
using the pre-calculated control parameters, e.g. via a
fast feed forward control and a robust feedback control,
and computation of the control parameters and perform-
ing the model-based control using the computed control
parameters, that is, an online control strategy optimiza-
tion. In Fig. 2, using pre-calculated control parameters is
exemplified by a model-based feed forward strategy 151.
Furthermore, in Fig. 2, computing the control parameters
and performing a model-based control using the comput-
ed control parameters is exemplified by a Model Predic-
tive Control, MPC, 152. In the course of performing the
selected control strategy, the controller 150 generates
the actuator information 210.
[0048] As further illustrated in Fig. 2, the controller 150
outputs the generated actuator information 210 to the
motor drive system 120 and, indirectly via the linkage
140, to the circuit breaker that form the mechanical entity
160. In Fig. 2, the mechanical entity 160 is labelled as
"GCB/MD", i.e. generator circuit breaker and motor drive
system. Measurement values are fed back to the con-
troller 150 as control measurement feedback. Moreover,
operational data are output to the model refresh block
170. The model refresh block 170 may output model up-
date data for model 155 adaptation. The model update
data may reflect changes of the system, such as an aging
of the circuit breaking apparatus during the lifecycle, or
lifetime, thereof.
[0049] As further shown in Fig. 2, model data output
from the model 155 may be input into a reference travel
curve optimization block 180. In the reference travel
curve optimization block 180, the reference travel curve
information 200 are subjected an optimization for oper-
ation requirements, such as motor constraints like torque,
speed etc.
[0050] The desired travel curve shown in Fig. 3 may
serve as an exemplary basis for deriving reference travel

curve information 200. For example, the desired travel
curve may be sampled and input into the controller or a
computer for deriving the actual reference travel curve
information 200 that is usable by the controller 150.
[0051] As shown in Fig. 3, the travel curve describes
a movement between a start position and an end position.
The start position may be a closed position of the circuit
breaker contacts, and the end position may be an open
position thereof. However, it may also be considered that
the start position may be an open position of the circuit
breaker contacts, and the end position may be a closed
position thereof.
[0052] In Fig. 3, the travel curve describes an acceler-
ation of the circuit breaker contacts, the movement of
which being controlled via the controller and the motor
drive system 120, and a deceleration phase thereof.
Thus, acceleration and deceleration may be smoothed
out, effectively enhancing the life cycle of the circuit
breaker 110.
[0053] While the foregoing described the invention in
exemplary embodiments, any aspects, features, ele-
ments etc. and their respective combinations are illustra-
tive. One skilled in the art will devise numerous variations
of the technology described above without departing from
the gist of the invention whose scope is defined in the
claims that follow.

Claims

1. A circuit breaking apparatus (100), comprising:

a circuit breaker (110) electrically connectable
to a power line (115);
a motor drive system (120) mechanically cou-
pled to the circuit breaker (110) and configured
to operate the circuit breaker (110) such as to
perform a movement including at least an open-
ing movement from a closed position to an open
position, thereby electrically interrupting the
power line (115);
a controller (150) including a model (155) of at
least one of the motor drive system (120) and
the circuit breaker (110),
wherein the controller (150) is configured to:

receive reference travel curve information
(200) of the movement;
generate actuator information (210) from
the reference travel curve information (200)
based on the model (155); and
output the actuator information (210) to the
motor drive system (120) to control a travel
curve via model-based control.

2. The circuit breaking apparatus (100) of claim 1,
wherein the movement further includes a closing
movement from an open position to a closed posi-
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tion.

3. The circuit breaking apparatus (100) of claim 1 or 2,
wherein the reference travel curve information (200)
comprises a time-dependent progression of a refer-
ence position of a part of the motor drive system or
the circuit breaker.

4. The circuit breaking apparatus (100) of any one of
the preceding claims,
wherein the motor drive system (120) comprises a
motor (130) coupled to a linkage (140), the linkage
(140) being configured to transform a rotary motion
of the motor (130) into a substantially linear motion
and output the linear motion to the circuit breaker
(110); and
wherein the model (155) comprises information on
a motor torque between the motor (130) and the link-
age (140), and information on a reaction force be-
tween the linkage (140) and the circuit breaker (110).

5. The circuit breaking apparatus (100) of any one of
the preceding claims,
wherein the model-based control comprises using
an optimized control strategy mathematically opti-
mized for at least one optimization objective in an
optimization problem, the optimization objective be-
ing selected from a group consisting of: a position
described by the reference travel curve information
(200) and a speed described by the reference travel
curve information (200).

6. The circuit breaking apparatus (100) of claim 5,
wherein the controller (150) has access to a set of
pre-calculated control parameters describing the op-
timized control strategy; and
wherein the controller (150) is further configured to
perform the model-based control [via a fast feed for-
ward control and a robust feedback control] using
the pre-calculated control parameters.

7. The circuit breaking apparatus (100) of claim 5 or 6,
wherein the controller is further configured to com-
pute [and update] control parameters describing the
optimized control strategy, and to perform the model-
based control [as a model predictive control] using
the computed control parameters.

8. The circuit breaking apparatus (100) of any one
claims 5 through 7,
wherein the optimization problem comprises a cost
function including the optimization objective, and at
least one constraint equation, the at least one con-
straint equation describing a threshold for a varying
magnitude of the circuit breaking apparatus that var-
ies during the movement.

9. The circuit breaking apparatus (100) of claim 8,

wherein the threshold for the varying magnitude in-
cludes one or more of a separation speed of circuit
breaker contacts when the movement is an opening
movement, an approaching speed of circuit breaker
contacts when the movement is a closing movement,
a temperature within a circuit breaker chamber, a
motor torque, a linkage force.

10. The circuit breaking apparatus (100) of any one of
the preceding claims,
wherein the controller (150) is further configured to
receive operational data relating to model parame-
ters of the model, and to update the model parame-
ters of the model using the received operational data.

11. The circuit breaking apparatus (100) of any one of
the preceding claims,
wherein the circuit breaker (110) is a generator circuit
breaker for a generator of a power plant, in particular
a generator circuit breaker rated for a nominal cur-
rent of 63kA or more.
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